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Transition metal chalcogenides (TMCs) with atomically minute structure have shown excessive poten-
tial for their optoelectronics field applications and their counterparts. TMCs unique layer dependent prop-
erties have pinched increasing consideration of scientists. Here, the high yield synthesis of atomically mi-
nute Cu0.2Sn0.8Se nanoparticles has been reported. The nanoparticles are synthesised by sonochemical exfo-
liation technique. The exfoliated Cu0.2Sn0.8Se nanoparticles have orthorhombic lattice structure which is 
confirmed from powder X-ray Diffraction with Pnma space group. The lateral morphology of the as-
synthesized nanoparticles examined under transmission electron microscopy showed them to be of uniform 
spherical shape. The selected area electron diffraction showed a spot pattern stating the particles to be 
single crystalline. Moreover, the photodetector based on Cu0.2Sn0.8Se nanoparticles thin film is fabricated. 
The periodic 670 nm laser illumination of power intensity 3 mW/cm2 is used to study the detector proper-
ties. The enhanced photo responsivity and specific detectivity is observed along with fast response. The 
outstanding detection properties are revealed from the responsivity, specific detectivity, and external 
quantum efficiency (EQE) of Cu0.2Sn0.8Se nanoparticles-based photodetector. 
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1. INTRODUCTION 
 
Group IV-VI compounds are found to own outstand-
ing electronic and optoelectronic properties, whose ap-
plications are found in multiple exciton photovoltaic 
cells, thermoelectric cells field-effect transistors, topo-
logical insulators and phase-change memory [1-5]. 
Along with their bulk form, a substantial amount of 
low-dimensional metal chalcogenides semiconductor 
compounds have been synthesized via various chemical 
or physical methods [3,5-12]. Corresponding devices 
demonstrates significantly improved properties due to 
their small size, high surface-to-volume ratio and quan-
tum confinement effects which mainly benefited from 
the low-scattering transport path of the carriers pro-
vided by the high aspect ratios, as well as the discrete 
energy states of the electron and hole induced by the 
spatial confinement [13-19]. Among them, tin (II) sele-
nide (SnSe) is a distinctive p-type semiconductor mate-
rial possesing a narrow direct band gap of ∼ 1.30 eV 
and indirect bandgap of ∼ 0.90 eV at room temperature 
[20]. Also, SnSe assumes a specific layered crystal 
structure in which non covalent force weakly bonds the 
neighbouring layers together [21, 22]. SnSe belongs to 
the IV-VI group layered semiconductor compounds. 
SnSe crystallises in an orthorhombic structure, but it 
undergoes transformation into tetragonal or cubic 
structures at high temperatures below its melting point 
of 860 C [23]. However, the cubic structure of SnSe has 
been reported by a few groups [23-25] both in a nano-
crystalline [26] and thin-film form [23, 24] even at low 
temperatures. Recently, inspired by its layered struc-
ture, narrow bandgap and some other advantages, in-
cluding chemical stability and natural abundance, 
SnSe nanomaterial have drawn researchers interests 
intensely. Various SnSe nanostructures, including thin 
films [22, 27], nanocrystals [28], and layered 
nanosheets [29], have been explored. However, very few 
works on the synthesis SnSe nanostructure arrays in 
one-dimensional (1D) have been reported, and most of 
them implements chemical solution method [21, 27]. 
Photodetectors are sensors that detect photons (or elec-
tromagnetic waves) and transfer them to electric sig-
nals. According to the wavelength of the responsive 
spectra, photodetectors can work at UV (ultraviolet, 10-
300 nm), visible (400-700 nm), IR (infrared, 700 nm-
1 mm), and THz (0.1 to 1 mm, or 0.3 to 30 THz) ranges 
with various applications that play indispensable roles 
in our daily life [30-32]. Here, we present a photodetec-
tor based on Cu0.2Sn0.8Se nanoparticles. Recently, 
chemical exfoliation technique has been proven to be 
the most convenient path due to readily available sol-
vents like NMP, DMF, acetone, water, etc. [33-37]. 
Herein, Cu0.2Sn0.8Se nanoparticles are synthesised in 
high yield by sonochemical exfoliation technique. We 
also demonstrate the more straightforward and large-
area fabrication process for photodetector based on ex-
foliated nanoparticles using simple experimental pro-
cedure. The photodetector showed excellent response 
towards illumination. 
 
2. EXPERIMENTAL 
 
2.1 Sono-chemical Exfoliation of Cu0.2Sn0.8Se 
Nanoparticles 
 
The high yield synthesis of Cu0.2Sn0.8Se nanoparti-
cles began with sonochemical exfoliation technique. 
The Cu0.2Sn0.8Se bulk compound powder have been 
grinded by the means of mortar pestle for 30 min to 
start the synthesis process. A mixture of 10 ml acetone 
and water was used as a solvent to disperse 50 mg 
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powder of Cu0.2Sn0.8Se nanoparticles. Then, the solu-
tion was sonicated for 8 h at a constant temperature of 
20 °C using bath sonicator with 40 kHz frequency and 
40 % amplitude. A brown dark coloured suspension of 
Cu0.2Sn0.8Se nanoparticles was yielded by this process, 
containing exfoliated Cu0.2Sn0.8Se nanoparticles and 
unexfoliated sediments. For the separation of nanopar-
ticles, the suspension of Cu0.2Sn0.8Se nanoparticles in 
acetone and water is centrifuged at 4000 rpm for 
20 min, and finally, the supernatant was collected us-
ing micro-pipette for characterisation and fabrication of 
photodetectors. Finally, 10 ml suspension is dried and 
the exfoliated Cu0.2Sn0.8Se nanoparticles are collected. 
 
2.2 Material Characterization 
 
The chemical confirmation and purity of 
Cu0.2Sn0.8Se nanoparticles were investigated by energy 
dispersive analysis of X-ray (Field Emission Gun Scan-
ning Electron Microscopy (FEG-SEM) with EDAX 
Make: FEI Ltd Model: Nova Nano SEM 450). The 
structural phase of bulk and atomically thin 
Cu0.2Sn0.8Se nanoparticles were studied by powder X-
ray diffraction technique using Bruker D8 advance dif-
fractometer using CuK (1.5498 Å) radiation. The lat-
eral morphology of nanoparticles is studied by Philips 
Tecnai 20 Transmission electron microscope operated 
at 200 keV electron beam. The particle size is obtained 
using High-Performance Particle size Analyzer with 
Zeta potential (Model: SZ100 Nanopartica; Make: Hori-
ba, Japan). 
 
2.3 Fabrication of Photodetector 
 
A glass substrate of 1 cm2 is nominated for the fab-
rication of photodetector. Then, the suspension of 
Cu0.2Sn0.8Se nanoparticles is several times drop-casted 
on a glass substrate. Acetone and water were removed 
by continuous heating at 40 °C. For confirming the 
complete removal of acetone and water traces, the pre-
pared device was annealed at 200 °C for 3 h. Then, the 
sensor is mounted on the Printed Circuit Board (PCB). 
The current-voltage characteristics in bias range 
± 1.5 V in dark condition and illuminated condition is 
carried out for electrical measurments with Keithly-
4200 SCS. At constant bias voltage of 1.5 V and under 
illuminated by 670 nm laser of power intensity 
3 mW/cm2 the transient photoresponse of fabricated 
device is recorded. 
 
 
 
Fig. 1 – EDAX spectra of Cu0.2Sn0.8Se nanoparticles 
 
 
 
Fig. 2 – Powder XRD pattern of Cu0.2Sn0.8Se nanoparticles 
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Fig. 3 – (a-c) TEM images of Cu0.2Sn0.8Se nanoparticles (inset of Fig. 3 (b) is particle size distribution histogram) and (d) 
SAED pattern taken from Cu0.2Sn0.8Se nanoparticles 
 
3. RESULTS AND DISCUSSION 
 
The sonochemical exfoliation technique for the 
synthesis of Cu0.2Sn0.8Se nanoparticles is adopted. The 
solvent/sonicating medium, power and frequency of 
sonicator, the temperature of the solvent, sonication 
time, etc. are the parameters which affect the quality 
and yield of nanoparticles [38]. The chemical composi-
tion and purity of Cu0.2Sn0.8Se nanoparticles are ex-
amined using energy dispersive analysis of X-ray 
(EDAX). As shown in Fig. 1, EDAX spectrum shows 
the peaks for ‘Sn’,’ Se’ and ‘Cu’ and no extra peaks are 
observed, attributing the purity of nanoparticles. The 
weight (%) of Sn, Se and Cu is found to be about 
44.58 %, 53.71 % and 1.71 %, respectively. The atomic 
(%) of Sn, Se and Cu are found to be about 34.69 %, 
62.83 % and 2.49 %, respectively. The results are also 
attributed to the stoichiometric composition of 
Cu0.2Sn0.8Se nanoparticles. The structural investiga-
tion of the exfoliated Cu0.2Sn0.8Se nanoparticles is ac-
complished by powder XRD technique using CuK 
radiation, as shown in Fig. 2. The sharp peaks found 
within the patterns indicate accurate and high crystal-
linity of the samples with (510) as the dominant peak. 
Cu0.2Sn0.8Se nanoparticles adopt an orthorhombic 
structure within layers having space group Pnma hav-
ing lattice parameters a  11.50 Å, b  4.440 Å and 
c  4.135 Å. From the outcomes of X-ray Diffracto-
gram, the accidental growth of secondary phase or 
impurity phase is absolutely ruled out. The sharp 
peaks in Fig. 2 for exfoliated sample are attributing 
the highly crystalline nature. Moreover, Transmission 
Electron Microscopy (TEM) is employed to study the 
lateral morphology of Cu0.2Sn0.8Se nanoparticles in 
which large quantity of nanoparticles having various 
lateral dimensions are observed as shown in Fig. 3(a-
c). Nanoparticles of particle dimension fall in the 
range from 5 nm to 13 nm as shown in particle size 
distribution histogram in the inset of Fig. 3(b). These 
particles have excellent dispersibility. The SAED pat-
tern shows the single-crystalline nature of nanoparti-
cles, as shown in Fig. 3(d). 
The photodetection property of Cu0.2Sn0.8Se na-
noparticles thin film-based photodetector is exploit-
ed for their intended application in optoelectronics. 
The schematic diagram of photodetector based on 
Cu0.2Sn0.8Se nanoparticles is shown in Fig. 4(a). 
Inset (i) shows the surface of the nanoparticle thin 
film (ii) shows cross-sectional image of the film. The 
smooth surface of the prepared film is seen from the 
SEM image in inset (i) and thickness of the film is 
scaled to be 9 m which is found using the cross-
sectional image of the prepared film. The electrical 
measurements began with current-voltage character-
istics measurements in the dark and illuminated con-
dition, as shown in Fig. 4(b). The exact ohmic behav-
iour of contacts between Cu0.2Sn0.8Se nanoparticles 
and Ag electrode, i.e. Ag/ Cu0.2Sn0.8Se/Ag is depicted 
from the linear I-V plots of the device. These ohmic 
contacts can offer a free flow of charge carriers from 
active detector material to Ag electrodes, which gen-
erates high photocurrent in photodetectors, and they 
are also desirable for the study of intrinsic optoelec-
tronic properties of materials [39]. 
Outstanding light-matter interaction is observed 
when current is observed to be increased when the 
device is illuminated in Cu0.2Sn0.8Se nanoparticles 
thin film [40]. The photoresponse was studied with the 
help of Keithley 4200 SCS by switching the light peri-
odically on and off. Fig. 4(c) shows the current of the 
device as a function of time at a constant biasing volt-
age of 1.5 V and under 670 nm light of power intensity 
3mW/cm2. Turning the light on, the current is seen to 
be enhanced through the device, and current steeply 
falls as the illumination is turned OFF unveiling re-
peatable and steady response towards the light. The 
apparent rise in current as the device is illuminated 
ascribed to the effective separation of the electron-
hole pair, and it also confirms the semiconducting 
nature of grown crystal [41, 42]. 
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Fig. 4 – (a) Schematic diagram of photodetector based on Cu0.2Sn0.8Se nanoparticles thin film (b) current-voltage charac-
teristics of a photodetector in dark and illuminated condition (inset (i) shows the nanoparticle film (ii) shows cross-
sectional image of the film), (c) photoresponse with 670 nm light, 3 mW/cm2 and (d) magnified image of photoresponse of 
photodetector based on Cu0.2Sn0.8Se nanoparticles thin film 
 
Table 1 – Comparison of response times of Cu0.2Sn0.8Se nano-
particles thin film based photodetector with reported TMC 
and TMDC materials. 
 
Sample 
Rise 
time 
Decay 
time 
References 
SnS2 nanosheets 20 s 31 s 43 
WS2 thin film 4.1 s 4.4 s 42 
MoS2 nanosheets 20 s 10.97 s 44 
SnSe thin film 8.2 s 5.3 s 45 
SnSe nanorods 3 s 3 s 46 
Nb2O5 nanoplate 28 s 12 s 47 
SnSe single crystal 2 s 2.5 s 39 
Cu0.2Sn0.8Se nano-
particle thin film 
1.9 s 1.9 s 
Present 
work 
 
The good rise in the current and repeatable perfor-
mance of the device resembles the good photoconducting 
behaviour of Cu0.2Sn0.8Se nanoparticles-based device is 
understood from. The photocurrent (Iph  Iill – Idark, 
where, Iill is the current in illuminated condition, and 
Idark is the dark current) of 0.32 A is generated under 
illumination. The higher value of photocurrent is attrib-
uting the strong light-matter interaction in Cu0.2Sn0.8Se 
nanoparticles. For quantitative analysis, detector pa-
rameters like photo responsivity, specific detectivity and 
external quantum efficiency are evaluated. The photore-
sponsivity (R  Iph/PS, where, P is the power intensity of 
light and S is the active exposure area of device), specific 
detectivity (D  RS1/2/(2eIdark)1/2, where, e is the elemen-
tary charge, and Idark is the current in dark condition) and 
external quantum efficiency (EQE  hcR/e, where, h is 
the Plank’s constant, c is the speed of light and  is the 
wavelength of illumination) are vital to assess perfor-
mance of device and so they are calculated [42, 43]. The 
responsivity is found to be about 8.55 mAW – 1. The values 
of specific detectivity and external quantum efficiency are 
found to be about 2.04  109 Jones and 1.59 %, respective-
ly. The response time is the essential parameter used to 
judge the switching performance of devices, and 
Cu0.2Sn0.8Se nanoparticles-based devices are found to be a 
fast switching device with the very optimum response 
time when compared with other reported materials in 
Table 1. The rise time τrise is the required time for current 
rising to 90 % and decay time τdecay is the required time for 
current falling to 10 %. The rise and decay time for photo-
detector are equal to 1.9 sec as seen from magnified image 
of time-resolved photocurrent as shown in Fig. 4(d). The 
high value of detector parameters and equal value of ris-
ing time and decay time are attributed to the good photo-
conducting behaviour of Cu0.2Sn0.8Se nanoparticles thin 
film based photodetector [39]. 
 
4. CONCLUSION 
 
The Cu0.2Sn0.8Se nanoparticles are synthesised by high 
yield sonochemical exfoliation technique. The nanoparti-
cles of lateral dimension 5-13 nm have excellent dispersi-
bility. The exfoliated Cu0.2Sn0.8Se nanoparticles have an 
orthorhombic structure with layers having space group 
Pnma having lattice parameters a  11.50 Å, b = 4.440 Å 
and c = 4.135 Å. The lateral morphology of Cu0.2Sn0.8Se 
nanoparticles is observed by transmission electron mi-
croscopy. The SAED pattern portrays the highly crystal-
line nature of nanoparticles. The detector is having a 
smooth surface and 9 m thickness. The photodetector 
based on Cu0.2Sn0.8Se nanoparticles thin film confirmed 
outstanding detection with a response time of 1.9 sec with 
photocurrent of 0.32 A and enhanced photo-responsivity 
of 8.55 mA/W, detectivity of 2.04  109 Jones and EQE of 
1.59 %. The response times are better than the previous 
reports on TMC and TMDC based photodetectors. 
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